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The mvention relates to a method for producing an antibiotic
bone cement, whereby, 1n a step A), a bone cement base
powder with a water content of less than or equal to 1.0% by
weilght 1s mixed with trometamol-fosfomycin to form a bone
cement powder, and, 1n a step X), the bone cement powder
1s dried to a water content of less than or equal to 1.0% by
weilght. The mvention also relates to a bone cement powder
that was produced according to said method and contains a
bone cement base powder and trometamol-fostomycin,
whereby the bone cement powder has a water content of less
than or equal to 1.0% by weight. The bone cement powder
1s free-flowing and does not clump and can be used for
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METHOD FOR PRODUCING AN
ANTIBIOTIC
POLYMETHYLMETHACRYLATE BONE
CEMENT POWDER, AND AN ANTIBIOTIC
POLYMETHYLMETHACRYLATE BONE
CEMENT POWDER

This application claims foreign priority benefit under 335
U.S.C. § 119 of German Patent Application No. 10 2014 218

913.6, filed Sep. 19, 2014, the disclosures of which patent
application 1s incorporated herein by reference.

The object of the invention includes a method for pro-
ducing an antibiotic bone cement powder and the antibiotic
bone cement powder produced by means of said method.

Articular endoprostheses are used extensively and very
successiully 1n a broad range of articular diseases aiming to
maintain the mobility of the patients. Unfortunately, a small
fraction of the patients suflers infections at the articular
endoprostheses and in the surrounding bone tissue and soft
tissue. To treat these infections, 1t 1s very common to
perform a one-stage or two-stage revision of the articular
endoprosthesis.

Revision polymethylmethacrylate bone cements contain-
ing an antibiotic or two or more antibiotics have proven
expedient for permanent mechanical fixation of the revision
articular endoprostheses. Said antibiotics protect the revi-
sion articular endoprosthesis and the surrounding bone tis-
sue and soft tissue, at least right after the surgery, from
renewed microbial colonisation. Aside from individualised
admixture of antibiotics by the physician, industrially pro-
duced revision polymethylmethacrylate bone cement have
proven expedient.

Accordingly, Heracus Medical GmbH manufactures and
distributes the revision polymethylmethacrylate bone
cements, Copal® G+C and Copal® G+V. Copal® G+C
contains the combination of gentamicin and clindamycin.
Copal® G+V contains the combination of gentamicin and
vancomycin. The combination of gentamicin and vancomy-
cin 1s particularly well-suited, thus far, 1f the infection of the
articular endoprosthesis 1s caused by methicillin-resistant
staphylococci (MRSA, MRSE).

However, vancomycin-resistant strains of staphylococci
and enterococci have been known for a number of years as
well. It 1s to be expected that these vancomycin-resistant
bacteria will assume an increasing role as the causes of
joint-associated infections in the near future. Therefore, it
makes sense to develop a revision polymethylmethacrylate
bone cement that contains at least one antibiotic possessing,
activity against vancomycin-resistant bacteria. Besides,
increasingly problematic gram-negative bacteria also are
significant as causes ol joint-associated infections. This
concerns, 1n particular, the so-called ESBL strains.

Fostfomycin 1s an antibiotic with a very broad range of
activity. The antibiotic, fostomycin ((2R,3S)-3-methyloxi-
ranphosphonic acid, CAS 23155-02-4) was discovered in
1969 (D. Hendlin et al.: Phosphonomycin a new antibiotic
produced by strains of Streptomyces. Science 96 (1969)
122-123.)

Fostomycin inhibits the bacterial enzyme, MurA (UDP-
N-acetylglucosamine-enolpyruvyl-transferase) (F. M.
Kahan et al.: The mechanism of action of fosfomycin
(phosphonomycin). Ann N Y Acad Sci1 235 (1974) 364-386.;
E. D. Brown et al.: “MurA (MurZ), the enzyme that cata-
lyzes the first committed step 1n peptidoglycan biosynthesis,
1s essential 1n Lischerichia coli. J. Bacteriol. 177 (14) (1995)
4194-4197). It catalyses the first step of murein biosynthesis.
In this step, an enolpyruvil moiety based on phospho-

5

10

15

20

25

30

35

40

45

50

55

60

65

2

enolpyruvate (PEP) 1s transferred to the hydroxyl group at
position 3 of UDP-N-acetylglucosamine. This means that a
lactic acid ether 1s generated at position 3 of UDP-N-
acetylglucosamine. The disruption of this step by fosfomy-
cin inhibits the bactenal cell wall synthesis.

Fostomycin acts bactericidal 1n susceptible bacteria. Fos-
fomycin 1s active against both gram-negative and gram-
positive bacteria including methicillin-resistant staphylo-
coccl (W. Graninger et al.: In vitro activity of fosfomycin
against methicillin-susceptible and methicillin-resistant
Staphviococcus aureus. Infection 12 (1984) 293-295). Fos-
fomycin 1s also eflicacious against vancomycin-resistant
Staphyviococcus aureus (VRS) and vancomycin-resistant
enterococct (F. Allerberger, 1. Klare: In-vitro activity of
fosfomycin against vancomycin-resistant enterococci.
Antimicrob Chemother 43 (1999) 211-217; T. Hara et al.:
Antimicrobial activity of fosfomycin against beta-lacta-
mase-producing  methicillin-sensitive  Staphyviococcus
aureus and methicillin-sensitive coagulase-negative staphy-
lococci. Jpn I Antibiot 56 (20013) 142-147). In addition,
fosfomycin 1s also eflicacious against ESBL (M. E. Falagas
et al.: Fostomycin for the treatment of multidrug-resistant,
including extended-spectrum  R-lactamase producing
enterobacteriaceae infections: a systematic review. Lancet
Infect Dis 10 (2010) 43-50).

For pharmaceutical use, fosfomycin 1s converted to salts
that are sutliciently stable during storage and form aqueous
solutions that have a physiologically tolerable pH value. The
European Pharmacopoeia describes three fostomycin salts.
These are the monohydrate of the calcium salt of fosfomycin

(CAS 26016-98-8), the disodium salt of fosfomycin (CAS
26016-99-9), and trometamol-fostomycin (CAS 78964-85-
9).

The salts of fosfomycin are extraordinarly hygroscopic.
They attract atmospheric humidity and deliquesce in the
process. Experiments have shown that the salts, in the dry
state, can be integrated into cement powders of polymeth-
ylmethacrylate bone cements. However, said cement pow-
ders also attract atmospheric humidity when stored on atr,
upon which the antibiotic particles also deliquesce. This can
cause the bone cement powder to clump. For this reason, the
fosfomycin salts are only poorly suitable for industrial
production of antibiotic polymethylmethacrylate bone
cement powders.

It 1s the object of the mvention to overcome the afore-
mentioned disadvantages of the prior art. Specifically, 1t 1s
the object of the mvention to develop a suitable method for
the production of a tlowable and free-flowing bone cement
powder containing fosfomycin. The bone cement powder
shall contain no clumps or other aggregates and shall be
available as a flowable and free-flowing powder for medical
applications.

The object of the invention was met by a method for
producing an antibiotic bone cement, whereby, 1n a step A),
a bone cement base powder with a water content of less than
or equal to 1.0% by weight 1s mixed with trometamol-
fosfomycin to form a bone cement powder, and the bone
cement powder 1s dried to a water content of less than or
equal to 1.0% by weight. The object of the invention 1s also
met by a bone cement powder. The invention also relates to
a bone cement powder that was produced according to a
method of this type and contains a bone cement base powder
and trometamol-fosfomycin, whereby the bone cement pow-
der has a water content of less than or equal to 1.0% by
weilght.

In the scope of the invention, a bone cement base powder
shall be understood to be organic or 1norganic bone replace-
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ment raw materials 1n the form of a powder. Inorganic bone
replacement raw matenals include, for example, calcium
phosphate or calcium sulfate, whereas organic bone replace-
ment materials are polymers, 1n particular acrylate polymers.
The polymer can be a homopolymer or a copolymer. Pret-
crably the bone cement base powder 1s a polymer or copo-
lymer of a methacrylic acid ester 1n the form of a powder.
According to a particularly preferred embodiment, the poly-
mer 1s selected from the group consisting of polymethacrylic
acid methylester (PMMA), polymethacrylic acid ethylester
(PMAE), polymethacrylic acid propylester (PMAP),
polymethacrylic acid 1sopropylester, poly(methylmethacry-
late-co-methylacrylate), poly(styrene-co-methylmethacry-
late), and a mixture of at least two of said polymers.

The amount of bone cement base powder that 1s admixed
to the bone cement powder preferably ranges from 70 to
99.5% by weight, particularly preferably from 80.0 to 94%
by weight.

The invention 1s based on the surprising observation that
the method according to the mvention can be used with the
combination of trometamol-fosfomycin and generally
known bone cement raw materials, 1n particular polymeth-
ylmethacrylate bone cement raw materials in the form of a
powder, to produce a non-clumping bone cement powder
that 1s suitable for storage.

Preferably, a polymerisation imitiator 1s also admixed to
the bone cement powder. The polymerisation initiator pret-
erably 1s an activatable polymerisation initiator, €.g. perox-
ides and barbituric acid derivatives.

According to the invention, a peroxide 1s understood to
mean compounds that contain at least one peroxo group
(—O—0—). The peroxide preferably comprises no 1iree
acid groups. The peroxide can be an morganic peroxide or
an organic peroxide, such as, for example, dialkylperoxides
or hydroperoxides. For example, the peroxide can be
selected from the group consisting of dibenzoylperoxide,
cumene-hydroperoxide, 1,1,3,3-tetramethylbutyl-hydroper-
oxide, t-butyl-hydroperoxide, t-amyl-hydroperoxide, di-1so-
propylbenzen-mono-hydroperoxide, and a mixture of at
least two of these substances. According to a preferred
embodiment, the peroxide 1s selected from the group con-
s1sting of dibenzoyl peroxide and dilauroyl peroxide. Water-
phlegmatised dibenzoylperoxide with a water content of less
than 30% by weight 1s particularly preferred, 28% by weight
1s preferred.

The barbituric acid denivative 1s a barbituric acid deriva-
tive selected from the group consisting of 1-mono-substi-
tuted barbiturates, 5-mono-substituted barbiturates, 1,5-di-
substituted barbiturates, and 1,3,5-tri-substituted
barbiturates. The barbituric acid derivative selected from the
group consisting ol 1,5-di-substituted barbiturates and 1,3,
S-tri-substituted barbiturates 1s preferred. There 1s no limi-
tation with regard to the type of substituents on the barbituric
acid. The substituents can, for example, be aliphatic or
aromatic substituents. According to a particularly preferred
embodiment, the barbituric acid derivative 1s selected {from
the group consisting of 1-cyclohexyl-5-ethyl-barbituric acid,
1 -phenyl-5-ethyl-barbituric acid, and 1,3,5-trimethyl-barbi-
turic acid.

A photo 1mitiator or photo 1nmitiator system 1s also con-
ceivable. In addition to the activatable polymerisation ini-
tiator, and electrically conductive radiopaquer can also be
admixed. Particles made of cobalt, iron, NdFeB, SmCo,
cobalt-chromium steel, zirconium, hatnium, titanium, tita-
nium-aluminiume-silicon alloys, and titantum-niobium alloys
having a particle size of 0.5-500 um are particularly well-
suited 1n this context. It 1s feasible to induce eddy currents
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in said electrically conductive radiopaquer through alternat-
ing magnetic fields with a frequency 1n the range of 500 Hz
to 50 kHz which cause the opaquer to heat up. Due to heat
transmission, the initiator 1s heated as well and induced to
thermally disintegrate.

Preferably, the amount of the polymerisation initiator that
1s admixed to the bone cement powder 1s 1n the range o1 0.01
to 10% by weight, more preferably in the range of 0.2 to 8%
by weight, and even more preferably 1n the range of 0.5 to
5% by weight, each relative to the total weight of the bone
cement powder.

According to a preferred embodiment of the method
according to the invention, at least one radiopaquer 1is
admixed to the bone cement powder. The radiopaquer can be
a common radiopaquer 1n this field, preferably 1n particulate
form. Suitable radiopaquers can be soluble or insoluble 1n
the monomer for radical polymerisation. The radiopaquer 1s
preferably selected from the group consisting ol metal
oxides (such as, for example, zirconium oxide), barium
sulfate, toxicologically acceptable heavy metal particles
(such as, for example, tantalum), ferrite, magnetite (supra-
magnetic magnetite also, 11 applicable), and biocompatible
calcium salts, such as calcium carbonate calcium sulfate. In
this context, zircomium dioxide, barium sulfate, calcium
carbonate, and calcium sulfate are preferred. Said radiopa-
quers preferably have a mean particle diameter 1n the range
of 10 nm to 500 um. The concentration of admixed radiopa-
quer, 1n particular the zirconium dioxide concentration, 1n
the bone cement powder 1s preferably in the range of 3 to
30% by weight, particularly preferably in the range of 5.0 to
20% by weight.

According to a further preferred embodiment of the
invention, at least one further pharmaceutical agent can be
admixed to the bone cement powder. The at least one further
pharmaceutical agent can preferably be selected from the
group consisting of antibiotics, antiphlogistic agents, ste-
roids, hormones, growth factors, bisphosphonates, cytostatic
agents, and gene vectors. According to a particularly pre-
terred embodiment, the at least one pharmaceutical agent 1s
an antibiotic. Preferably, the at least one antibiotic 1s selected
from the group consisting of aminoglycoside antibiofics,
glycopeptide antibiotics, lincosamide antibiotics, gyrase
inhibitors, carbapenems, cyclic lipopeptides, glycylcyclines,
oxazolidones, and polypeptide antibiotics, particularly pret-
crably from the group of the aminoglycoside antibiotics,
glycopeptide antibiotics, lincosamine antibiotics, lincos-
amide antibiotics, oxazolidinone antibiotics, and cyclic lipo-
peptides. According to a particularly preferred embodiment,
the at least one antibiotic 1s a member selected from the
group consisting ol gentamicin, tobramycin, amikacin, van-
comycin, teicoplanin, clindamycin, ramoplanin, metronida-
zole, and daptomycin, as well as salts and esters thereof. The
at least one antiphlogistic agent 1s preferably selected from
the group consisting of non-steroidal antiphlogistic agents
and glucocorticoids. According to a particularly preferred
embodiment, the at least one antiphlogistic agent 1s selected
from the group consisting of acetylsalicylic acid, ibuproifen,
diclofenac, ketoproien, dexamethasone, prednisone, hydro-
cortisone, hydrocortisone acetate, and fluticasone. The at
least one hormone 1s preferably selected from the group
consisting ol serotonin, somatotropin, testosterone, and
estrogen. Preferably, the at least one growth factor is
selected from the group consisting of fibroblast growth
factor (FGF), transforming growth factor (TGF), platelet
derived growth factor (PDGF), epidermal growth factor
(EGF), vascular endothelial growth factor (VEGF), insulin-
like growth factors (IGF), hepatocyte growth factor (HGF),
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bone morphogenetic protein (BMP), interleukin-1B, inter-
leukin 8, and nerve growth factor. The at least one cytostatic
agent 1s preferably selected from the group consisting of
alkylating agents, platinum analogues, intercalating agents,
mitosis inhibitors, taxanes, topoisomerase inhibitors, and
antimetabolites. The at least one bisphosphonate 1s prefer-

ably selected from the group consisting of zoledronate and
aledronate.

Preferably, the admixed amount of the further pharma-
ceutical agent or agents ranges from 0.1 to 15% by weight,
preferably ranges from 0.3 to 12% by weight, relative to the
total weight of the bone cement powder.

Following the mixing of the bone cement components, the
bone cement powder 1s being sterilised. Methods for ster-
ilisation of polymerisable monomers are known 1n the field
of medical products.

It 1s essential to the method according to the invention that
the water content of the raw materials used does not exceed
the specified limits and that the bone cement powder 1s dried
to a water content of less than or equal to 1.0% by weight.

According to the invention, 1t 1s advantageous to initially
package the bone cement powder 1n a sterile packaging. In
this context any packaging that meets the requirements for
medical and pharmaceutical packaging and allows for ster-
ilisation of the content 1s suitable. Pertinent examples
include composite materials made of polyethylene film or
polypropylene film and Tyvek®, a flash-spun fibre material
made of high density polyethylene.

Aside from the common sterilisation methods, it 1s cus-
tomary to use chemical compounds for sterilisation of
medical products. Sterilisation with a mixture of ethylene
oxide, water vapour, and carbon dioxide 1s proven to be
particularly well-suited for the present method.

Subsequently, the bone cement powder 1s dried to a water
content of less than or equal to 1.0% by weight. The drying
of the bone cement powder can be performed according to
known methods. The drying can be effected, for example, in
a flow of hot aitr, preferably, 1n a vacuum.

After the drying, the bone cement powder that was
sterilised 1nside the sterile packaging matenal 1s packaged 1n
another packaging material that 1s impermeable for water
vapour. Suitable packaging materials are metal vapour-tight
packaging materials made of polypropylene or polyethylene
of high density, such as, e.g., composite films having an
aluminium layer or blister. Solid contains, e.g. made of
aluminium, are also conceivable though. Aluminium com-
posite film and aluminium-laminated paper are preferred as
water vapour-impermeable packaging material.

Polymethylmethacrylate bone cements usually are present
as two-component systems. The first component usually 1s a
bone cement powder. The bone cement powder 1s also
referred to as polymethylmethacrylate bone cement powder.
The second component contains a polymerisable monomer,
usually methylmethacrylate, and usually 1s a liquid. Mixing,
the two components results 1n a plastically deformable bone
cement dough that hardens (cures) after a certain period of
time.

The bone cement powder according to the invention can
be used, by mixing with common monomer liquid that 1s
composed, e.g., of methylmethacrylate, N,N-dimethyl-p-
tolwmidine, p-hydroquinone, to produce a plastically deform-
able bone cement dough, which, after it 1s cured, meets the
requirements of ISO 5833 with regard to the flexural
strength being at least 50 MPa, the flexural modulus being

at least 1,800 MPa, and the compressive strength being at
least 70 MPa.
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The polymethylmethacrylate cement powder according to
the invention 1s particularly well-suited as a component of
revision polymethylmethacrylate bone cements, for the pro-
duction of spacers, and for the production of implantable
local active substance release systems. Polymethylmeth-
acrylate bone cements for revision purposes shall be under-
stood to mean polymethylmethacrylate bone cements
intended for permanent fixation of revision articular endo-
prostheses used in the scope ol a one-stage or two-stage
septic revision of infected articular endoprostheses. The
term, spacer, shall be understood to mean temporary
implants that are iserted, as temporary place-holders, in the
scope of the two-stage septic revision of infected articular
endoprostheses. The polymethylmethacrylate bone cement
powder can just as well be used to produce local active
substance release systems, whereby the bone cement powder
1s mixed with common mixtures of methylmethacrylate and
a tertiary amine, ¢.g. N,N-dimethyl-p-toluidine, whereby a
self-curing cement dough 1s produced that can be cast or
modelled into any shape, whereby mechanically stable form
bodies are produced after curing by means of radical
polymerisation. These can be used 1n the scope of local
antibiotics therapy. The active substance release systems can
be provided to be spherical, bean-shaped, rod-shaped. It 1s
teasible just as well to attach spherical or bean-shaped form
bodies to biocompatible wires.

The invention shall be illustrated through the following
examples, though without limiting the scope of the inven-
tion.

EXEMPLARY EMBODIMENTS

Inventive powders B1-4 each were produced by grinding,
the components 1n a three-dimensional shaker-mixer (Tur-
bula® mixer, Willy A. Bachofen AG Maschinenfabrik, Mut-
tenz, Switzerland).

For each of the inventive powders, a mixture of 88.53 g
polymethylmethacrylate-co-methylacrylate (water content
0.78% by weight, determined by Karl-Fischer titration),
10.00 g zirconium dioxide, and 1.47 g dibenzoylperoxid
(dibenzoylperoxid phlegmatised by 25% by weight water).

In addition, the amounts of trometamol-fosfomycin from
Ecros (Spain) listed in Table 1 were added to inventive
powders B1-4.

TABLE 1

Composition of the bone cement powder

Bone cement powder
with no active Trometamol- Gentamicin
Example substance added fosfomycin® sulfate **
Bl 40.0 g 1.88 g —
B2 40.0 g 282 g —
B3 40.0 g 376 g —
B4 40.0 g 282 g 0.9

*Activity coefhicient trometamol-fosfomycin 533
** Activity coeflicient gentamicin sulfate 571

The bone cement powder of examples B1-4 was then
sterilised with a mixture of ethylene oxide, water vapour,
and carbon dioxide. Then, the bone cement powder was
dried to a water content of less than 1.0% by the eflect of a
vacuum. After the drying, the bone cement powder of
examples B1-4 was a free tflowing, non-clumped powder.

The water content of the ethylene oxide-sterilized and
subsequently dried bone cement powder of examples B1-4
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was determined using the Karl-Fischer titration method. A
Metrohm 802Tistand titrator was used for this purpose. The
results are shown 1n Table 2.

TABLE 2
Water content
Example wt. %0
Bl 0.53
B2 0.51
B3 0.52
B4 0.87

Moreover, the sterilised and dried bone cement powders
and Palacos® monomer liquid from Heracus Medical
GmbH, Wehrheim, Germany, composed of methylmethacry-
late, hydroquinone, N,N-dimethyl-p-toluidine, and E141
colourant, were used to produce form bodies for the deter-
mination of the mechanical parameters 1n accordance with
ISO 5833. The compositions of the bone cements are shown

in Table 3.

TABLE 3
Composition of the cement dough

Example Bone cement powder Monomer liquid
Bl 419 g 20 ml
B2 428 g 20 ml
B3 438 g 20 ml
B4 437 g 20 ml

The pastes B1-4 were used to produce strip-shaped test
bodies with dimensions of (75 mmx10 mmx3.3 mm) for the
determination of bending strength and flexural modulus and
cylindrical test bodies (diameter 6 mm, height 12 mm) for
the determination of the compressive strength. The test
bodies were then stored for 24 hours on air at 23+1° C. Then
the 4-point flexural strength, flexural modulus, and the
compressive strength of the test bodies were determined
using a Zwick universal testing device. The results are
shown 1n Table 4.

TABLE 4
4-point flexural Flexural Compressive

strength modulus strength
Example |[MPa] |[MPa] IMPa]
B1 70.5 £ 1.5 2949 + 92 98.2 + 2.4
B2 73.1 £ 1.3 3211 + 40 98.4 + 1.6
B3 65.2 = 2.2 2923 + 88 90.1 £ 0.9
B4 64.7 + 1.2 2903 £ 53 98.3 = 1.7

The results of the 4-point flexural strength, flexural modu-
lus, and compressive strength tests on the test bodies made
from pastes B1-4 show that the mechanical stability require-
ments of ISO 5833 are met. ISO 3833 defines the following
parameters: 4-point flexural strength of at least 50 MPa,

flexural modulus of at least 1,800 MPa, and compressive
strength of at least 70 MPa.

The invention claimed 1s:
1. A method for producing an antibiotic bone cement,
comprising;
step A), mixing a bone cement base powder with a water
content of less than or equal to 1.0% by weight with
trometamol-fosfomycin to form a bone cement powder,
and
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step X), drying the bone cement powder to a water content

of less than or equal to 1.0% by weight.

2. The method according to claim 1, wherein the bone
cement base powder 1s a polymer powder comprising a
polymer selected from the group consisting of poly(meth-
acrylic acid methylester), poly(methacrylic acid ethylester),
poly(methylmethacrylic acid propylester), poly(methacrylic
acid 1sopropylester), poly(methyl-methacrylate-co-methyl-
acrylate), poly(styrene-co-methylmethacrylate), and a mix-
ture of at least two of said polymers.

3. The method according to claim 1, wherein, 1n step A),
the amount of bone cement base powder that 1s admixed to
the bone cement powder ranges from 70 to 99.5% by weight.

4. The method according to claim 1, wherein a radiopa-
quer 1s additionally admixed to the bone cement powder 1n
step A).

5. The method according to claim 4, wherein the amount
of admixed radiopaquer 1s 1n the range from 3 to 30% by
weight.

6. The method according to claim 1, wherein an mitiator

1s additionally admixed to the bone cement powder 1n step
A).

7. The method according to claim 6, wherein the initiator
1s a peroxide.

8. The method according to claim 6, wherein the amount
of admixed 1nitiator 1s 1n the range of 0.01 to 10% by weight
relative to the total weight of the bone cement powder.

9. The method according to claim 1, wherein a further
pharmaceutical agent 1s additionally admixed in step A).

10. The method according to claim 9, wherein the phar-
maceutical agent 1s an antibiotic that has a water content of
maximally 15.0% by weight.

11. The method according to claam 9, wherein the
admixed amount of the further pharmaceutical agent is in the
range from 0.1 to 15% by weight, relative to the total weight
of the bone cement powder.

12. The method according to claim 1, wherein the bone
cement powder 1s sterilised 1n a step E) that proceeds after
step A) and betore step X).

13. The method according to claim 12, wherein the bone
cement powder produced 1n step A) 1s packaged 1n a sterile
packaging material 1n a step D) preceding step E).

14. A bone cement powder produced according to the
method according to claim 1 which comprises a bone
cement base powder and trometamol-fosfomycin, whereby
the bone cement powder has a water content of less than or
equal to 1.0% by weight.

15. The bone cement powder according to claim 14,
comprising;

75.0-90.0% by weight of at least one particulate polym-

cthylmethacrylate or polymethylmethacrylate copoly-
mer, relative to the total weight of the bone cement
powder,
5.0-20.0% by weight of a particulate radiopaquer, relative
to the total weight of the bone cement powder,

0.5-2.0 wt. % water-phlegmatised dibenzoylperoxide,
relative to the total weight of the bone cement powder,
having a water content of less than or equal to 30% by
weight, and

0.5-15.0 wt. % trometamol-fosfomycin, relative to the

total weight of the bone cement powder, whereby the
total water content of the bone cement powder 1s less
than or equal to 1.0% by weight.

16. The bone cement powder according to claim 135,
comprising an additional antibiotic selected from the group
consisting of aminoglycoside antibiotics, glycopeptide anti-
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biotics, lincosamide antibiotics, and oxazolidinone antibiot-
ics, whereby the antibiotic has a water content of maximally
15.0% by weight.

17. A spacer or implantable local active substance release
systems comprising a bone cement powder according to
claiam 14 as a component of polymethylmethacrylate bone
cements.

18. The method according to claim 3, wherein, 1n step A),
the amount of bone cement base powder that 1s admixed to
the bone cement powder ranges from 80.0 to 94% by weight.

19. The method according to claim 5, wherein the amount
of admixed radiopaquer is in the range from 5.0 to 20% by
weight.

20. The method according to claim 7, wherein the mitiator
1s a water phlegmatised dibenzoylperoxide with a water
content of less than 28.0% by weight.
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